We report on the rapidity and centrality dependence of proton and anti-proton transverse mass distributions from 197 Au+ 197 Au collisions at √ s NN = 130 GeV as measured by the STAR experiment at RHIC. Our results are from the rapidity and transverse momentum range of |y| < 0.5 and 0.35 < pt <1.00 GeV/c. For both protons and anti-protons, transverse mass distributions become more convex from peripheral to central collisions demonstrating characteristics of collective expansion. The measured rapidity distributions and the mean transverse momenta versus rapidity are flat within |y| < 0.5. Comparisons of our data with results from model calculations indicate that in order to obtain a consistent picture of the proton(anti-proton) yields and transverse mass distributions the possibility of pre-hadronic collective expansion may have to be taken into account.
High energy nuclear collisions provide a unique opportunity to study matter under extreme conditions for which one expects the formation of a system dominated by deconfined quarks and gluons [1] . In the search for this deconfined state, baryons play an important role. Incoming beam baryons provide the energy for particle production and development of collective motion. It has systematically been observed that the net-baryon num-ber determines the chemical properties [2] . In addition, baryon transport and baryon production during the collision are particularly interesting because of their dynamical nature [3, 4, 5, 6, 7, 8] . However, these are difficult processes due to their non-perturbative features [9, 10] . At the RHIC energy √ s NN =130 GeV, anti-proton to proton ratios and yields at mid-rapidity have been reported by several experiments [11, 12, 13, 14] . In the region of p t ∼ 2-3 GeV/c, the yield of protons approaches that of pions [12] in central collisions. The exact origin of this behavior is not clear and systematic measurements of baryon distributions are important.
In this Letter, we present a systematic measurement of proton and anti-proton production in Au+Au collisions at √ s N N = 130 GeV in the rapidity range −0.5 < y < 0.5 and for transverse momenta 0.35 < p t < 1.00 GeV/c. In particular, we report the first RHIC measurements of the rapidity dependence of the proton and anti-proton yields, essential for exploring the existence of a boost-invariant region in the system. We also study the centrality dependence of the yields and mean transverse momenta for protons and anti-protons. These results allow for a detailed comparison to model predictions of proton and anti-proton production at RHIC. Two independent 197 Au beams with an energy of 65 GeV per nucleon were provided by the Relativistic Heavy Ion Collider (RHIC) at the Brookhaven National Laboratory. These beams collided around the geometric center of the Solenoid Tracker at RHIC (STAR). Charged particles stemming from these collisions were measured in a large volume Time Projection Chamber (TPC) [15] . A large solenoidal magnet of 0.25 T field strength provided momentum dispersion in the direction transverse to the beam line.
For this analysis, we used 320k events with a minimum bias trigger and 154k events with a trigger selecting the 10% most central events [11] . Events with a primary vertex within ±30 cm of the geometric center of the TPC along the beam axis were accepted. Tracks were required to have at least 23 out of 45 maximum possible space points in the TPC and to extrapolate back to the primary vertex within 2 cm (distance of closest approach, dca). To define the collision centrality, the measured raw multiplicity distribution of charged particles within the pseudorapidity range |η| < 0.75 was divided into eight bins. The highest centrality bin corresponds to 6% of the measured cross section for 197 Au+ 197 Au collisions [16] . Protons and anti-protons were identified by correlating their energy loss dE/dx due to ionization in the TPC gas with the measured momentum. This method has already been presented in [11] .
The track reconstruction efficiency was determined by embedding simulated tracks into real events at the raw data level and subsequently applying the full reconstruction algorithm to those events. The propagation of single tracks was performed using the GEANT Monte Carlo code with a detailed model of the STAR geometry and a realistic simulation of the TPC response.
The resulting track reconstruction efficiency is > 70% at p t > 0.5 GeV/c for all centralities. By varying the track cuts, the overall systematic uncertainty in the track reconstruction efficiency is estimated to be less than 10%. Further, the relative resolution in transverse momentum was derived to be ≈ 4% at p t = 0.5 GeV/c.
Secondary interactions of particles with the detector material generated background protons. Due to their different geometric origin, these background protons appear as a rather flat tail in the dca-distribution which extends into the peak region of primary protons at small dca. In order to correct for background protons, the proton dca-distribution was fitted by the scaled anti-proton dca-distribution (which is background free) plus the results on the proton background from Monte Carlo calculations. Raw yields were extracted for protons and anti-protons with dca < 2.0 cm, optimizing the signal to background ratio for protons. The raw yields were then corrected for track reconstruction efficiency, proton background and in the case of anti-protons, for absorption in the detector material. The detector acceptance for protons(anti-protons) from the decay of lambdas(antilambdas) or other hyperons(anti-hyperons) is estimated to be larger than 95%. Corrections for feeddown from decays of hyperons(anti-hyperons) were not applied.
The mid-rapidity (|y| ≤ 0.5) proton and anti-proton transverse mass distributions for all 8 centrality bins are shown in Fig. 1 . Here, the transverse mass m t is given by m t = p 2 t + m 2 p , with m p the rest mass of the proton. The uncorrelated bin-to-bin systematic errors are estimated to be less than 7%. It is evident that both proton (left panel) and anti-proton (right panel) distributions become more convex from peripheral to central collisions indicating an increase in transverse radial flow. In order to extract p t -integrated yields, dN/dy and mean transverse momenta p t , hydrodynamically motivated fits [17] were applied, assuming a thermal source plus transverse radial flow. The fit parameters are the temperature T f o at kinetic freeze-out and the transverse radial flow velocity β s at the system surface. A velocity profile β t (r) = β s (r/R) 0.5 was used, where R is the radius of the source. These fits simultaneously describe experimental spectra of charged pions [18] , kaons [19] , protons and anti-protons. The fit-results are shown as dashed lines in Fig. 1 . The description of the experimental data is remarkably good. When strong collective flow develops, the transverse mass distributions for heavy mass particles will not have the simple exponential shape at low transverse mass. Therefore, the hydrodynamically motivated two parameter fits become necessary [20] . The increase of p t with centrality is indeed reflected in the values of the collective velocity parameter β t , which increase from about (0.42±0.10)c to (0.56±0.05)c from the most peripheral to the most central collisions, respectively.
Note that in [11] , the anti-proton transverse momentum distributions were fitted with a Gaussian function in p t . The difference between the model fit results and Gaussian fits in p t are < 6% and < 10% for p t and inte-grated yields dN/dy, respectively. Using other functions, i.e. exponential in m t and a Boltzmann function, the systematic uncertainty in dN/dy due to extrapolation is estimated to be less than 20%. Similarly, the systematic uncertainty in p t is less than 6%. The total systematic uncertainty in dN/dy is less than 22%, adding the contributions due to extrapolation (20%) and the track reconstruction efficiency (10%) in quadrature. The proton and anti-proton rapidity distributions are shown in Fig. 2 (a) and (b) for different collision centralities. In the p t -range not covered by this experiment, the yield was extracted from the thermal model fit. The results are shown in Table I , which indicates that about 50% of the integrated yield was measured within the STAR TPC acceptance. The bin-to-bin systematic errors, due to background subtraction and PID contamination, are included in the plot. Since the shapes of the transverse mass distributions of protons and anti-protons do not differ within statistical errors, the extracted values of p t shown in Fig. 2(c) are the average of the two. Within |y| < 0.5, both values of p t and dN/dy are found to be uniform as a function of rapidity indicating that at RHIC -for the first time in heavy ion collisions -a boost invariant region of at least one unit of rapidity for all centrality bins has developed. An analysis of charged particle ratios [21] has demonstrated that at RHIC energies a boost invariant region does not exist at |y| > 1.5. It will be of interest to study the rapidity distributions of different mass hadrons at RHIC.
The top panels of Figure 3 show the p t within |y| ≤ 0.5 for protons (left) and anti-protons (right). The corresponding yields, dN/dy are shown in the bottom panels. The open symbols represent fiducial yields and filled ones show the integrated yields. The shaded bands indicate the systematic uncertainties in extracting p t and dN/dy. Both values of p t and dN/dy are in good agreement with results from PHENIX [12] . Experimental results on the lambda(anti-lambda) yields [22] , show that the contribution of feeddown from hyperon decays to the proton(anti-proton) yields is ≈40%. The increase of p t vs. centrality in the figure indicates the development of stronger collective expansion in more central collisions. Results from calculations with RQMD [23] , RQMD with re-scattering switched off (w/o) and HI-JING [24, 25] are represented by solid, dashed, and dashed-dotted lines, respectively. In the RQMD model [23, 26] hadronic re-scattering has been implemented. This leads to the agreement with measurements in the mean transverse momentum. On the other hand, without the re-scattering, the HIJING model under-predicts the proton and anti-proton p t , especially for central collisions. Overall, the model calculations fail to predict the experimental yields consistently throughout the whole centrality range. Discrepancies between measured p/p ratios and predictions from RQMD and HIJING have been reported by other experiments [13, 14] .
The bottom panels of Fig. 3 show that the observed mid-rapidity (|y| ≤ 0.5) proton and anti-proton yields, dN/dy are proportional to the number of charged hadrons. RQMD fails to predict the centrality dependence of the anti-proton yield due to the strong annihilation in hadronic re-scattering, especially in central collisions. Because of the annihilation, RQMD predicts a change in the p/p ratio of almost a factor of two from peripheral to central collisions, which is not consistent with observations [11] .
The results from RQMD reflect that within that model there is strong annihilation among baryons, and that large values of p t are built up from late hadronic rescatterings. Based on RQMD, the annihilation of antiprotons created initially is expected to increase from 20% for perpiheral collisions, to 50% for the most central collisions. This is not consistent with the trend in Fig. 3 , which indicates the measured proton and anti-proton yields increase approximately linearly with the number of negatively charged hadrons. This raises an important question. If, on the one hand the increase in annihilation with centrality predicted by RQMD is correct, then the centrality dependence of the initial baryon production must be much stronger than the linear dependence observed in Fig. 3 , and the rough agreement between RQMD and the data for anti-protons is fortuitous. If, on the other hand, the agreement between RQMD and the linear dependence observed in Fig. 3 for anti-protons is correct, a possible explanation is that the anti-proton loss due to annihilation is smaller in central collisions than in peripheral collisions. This suggests the anti-protons may decouple from the surrounding matter early, and that the large experimental values of p t which are observed must arise from collective flow in the early stage [27, 28, 29] . In order to distinguish this possibility from other possible scenarios [30] and study possible early-stage partonic collectivity at RHIC, systematic measurements of multistrange baryons, charmed mesons, and particle correlations are necessary.
In summary, we have reported on the centrality dependence of proton and anti-proton transverse mass and rapidity distributions from 197 Au+ 197 Au collisions at √ s NN = 130 GeV as measured by the STAR experiment at RHIC. The results reported here are from the rapidity and transverse momentum range of |y| < 0.5 and 0.35< p t <1.00 GeV/c. For both protons and anti-protons, the transverse mass distributions become more convex from peripheral to central collisions indicating the enhancement of collective expansion in more central collisions. The rapidity distributions and p t versus rapidity are found to be flat within |y| < 0.5 suggesting a boost invariant region around mid-rapidity. The comparison of our data to results from microscopic transport models suggests that the observed collective expansion might have been dominantly developed at the early stage of the collision.
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